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PREFACE

This re ,-ni; contains an analysis of the ph;rsical and chemical

oceanographic. Ut collected during the winter of 1960-1961 in the

Axctic Ocean f'.r The Arctic Research Laboratory's Ice Station

(ARLIS I). Th.lud4d in this report is a combined navigational and

station location chart together with graphs of temperature, salinity,

and sigma-t. All of the bathythermograph slides have been reproduced

and are also included.

The investigations were carried out under the general super-

vision of Dr. Phil Church (Executive Officer, Department of Meteorology

and Climatology) and Dr. Clifford Barnes (Department of Oceanography),

both of the University of Washington. George E. Brayton, Oceanographer,

directed the planning of the investigations, the field work on the

ice, the laboratory analysis of samples and the presentation of the

data. Dr. Kenneth Bennington assisted a great deal with the field

work and Mrs. Perla Brayton titrated all of the chlorinities.

Mr. Max Brewer, Director of the Arctic Research Laboratory,

Point Barrow, Alaska, had the primary responsibility for the establish-

ment of a suitable winter camp on the polar ice pack aud for periodic

resupply of equipment by airdrop and occasional landings on the ice

floe by light aircraft.
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INTRODUCT I0N

The floM.'.%+.. ice station ARLIS Y (Arctic Research Laboratory's

Ice Station No, 1) was occupied by scicutif.c persoanel from Soptem-

ber 10, 190, until March 17, 1961, during which time it traveled

westward betiuen the 74th sad 75th parallels of latitude more than

500 miles across the Beaufort Sea north of Alaska. This is the final

report on the oceanographic work and contains all physical and chemi-

cal data collected during its occupation.

A comprehensive oceanographic sampling program was carried out

hich included 118 stations to a maximum depth of 1200 meters, and

139 casts with a bathythermograph capable of recording temperatures

to a depth of 900 feet.

Temperatures have been corrected for all reversing thermometers,

thermometric depths computed, salinities titrated, and sipaa-t values

have been computed for all of the oceanographic stations. The geo-

potential anomalies in dynamic meters have been computed for all of

the deep stations (1200 meters, or to the bottom when depths were less

than 1200 meters) along the course of the drift.

Observed data for all stations together with interpolated and

computed da,a for deep stations have been tabulated and ae presented

in this report in the Data Tables (see Part II).

A vertical graph of temperature and salinity and a diagram of

temperature plotted against salinity, with curves of sigm-t have been
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presented for each oceanographic station. Vertical profiles of temp-

erature and salinity from 4 meters to 1200 sters depth along the

track of ARLIB I, enlarged temperature and salinity profiles of a

layer of water between 10 eters and 150 meters and each bathythermo-

graph slide have also been drawn and included in this report.

The purpose of the oceanographic investigations in the Arctic

Ocean was to accumulate as much physical and chemical data as possible

during the vinter months to suppleent existing knowledge, and specifi-

cally to sample in detail a warm layer of water believed to exist

betwen 40 and 150 meters depth.

This work vas supported by the Office of Naval Research under

Contract Nonr 477(24),Task Order 307-252, through the Department of

Meteorology and Climatology of the University of Washington.
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MM0011TIO ANlD -EMOLISHM1Fr CPT% Iq SATI0ff

rb Arctic Research Laboratory's Ice Station No. 1 (AMLIS 1)

Was the four'- floating ice station established and maintained by the

United States Government for scientific research in the Arctic Ocean

area. The first three ice stations ware established and supported by

the U. 8 . Air Force by the use of aircraft. ARLIS I was a departure

In ice station logistics; it vas established by the U. S. Navy with

the use of the USS Burton Island. All of the buildings, heavy oper-

ating equipment and the majority of supplies nseded for seven men to

live six months more transported by the Burton Islad to the ice floe

in one trip. Thereafter, it was believed sny suplemental equipment

or supplies could be delivered to ARLIS I from Poit Barrow by the

use of the Arctic Research Laboratory's light aircraft (Cessna 180's).

Nquipment and supplies ware loaded aboard the S ton

at Point Barrow betwen September 1 and September 3, 1960. The Lco-

breaker then sailed easterly close to the Alaskan and Canadian coasts

to avoid heavy ice. Upon reaching an area to the southwest of Banks

Island, the Burton Island then sailed northerly to a point off Banks

Island at about 75o N. The ship then entered the ice pack and steamed

westerly in search of a suitable floe on uhich to set up a ceo.

On September 10, 1960, an adequate ice floe was located at

about 707# and 139°16', and off-loading began. All of the scientists

and crew mambers that could be spared took part in unloading the ship

and building the casi. Mbot of the co construction work was completed

on September 12, and the Burton Island prepared to depart for Point

Barrow. .



Seven men vare left on the ice floe to complete construction

of the camp and to caATy out scientif ic investigations. They were:

Dr. Kenneth Bennington, University of Washington,
ice physicist and station leader;

Dr. Charles Knight, University of Washington,
ice physicist and assistant station leader;

Mr. George E. Brayton, University of Washington,
oceanographer;

Mr. Arnold Hanson, University of Washington,
micrometeorologist;

Mr. Robert Dltzler, University of Washington,
micrometeorologist and radio operator;

Mr. John Tibbs, University of Southern California,
marine biologist;

Mr. Frank Akpik, Arctic Research Laboratory,
camp maintenance.

The oceanographic installation, which consisted of the oceano-

graphic hut, two winches, and a four-foot square hole through the

twelve-foot thickness of ice, was not completed until September 25th.

The first oceanographic observations ware made on September 25, 1960,

and were continued at closely spaced time intervals until the station

was abandoned on March 17, 1961.

The tracks of the four American ice stations, their areal

relationship to each other, and their approximate coverage of the

Arctic Ocean north of Alaska and Canada are shown in Figure 1. The

course taken by each ice station is an indication of the anticyclonic

pattern of circulation believed to exist in this part of the Arctic

Ocean.
-5-



Me track eart of AfRLIS I from September 2% 1960, until

March 17, 1961, is shown in Figure 2. All oceanographic stations are

included, and an occasional navigational position has been indicated.

For detailed navigational information, see Table 3 of this report.

The line along ihich the temperature and salinity profiles more con-

structed has been indicated on Figure 2.

Oceanographic observations were conducted by Oeorge 3. Braton

between September 25, 1959, and December 7, 1960, at which tim be

returned to the Arctic Research Laboratory to supervise the reduction

of data and salinity titrations. Field samling was continued by

Dr. lxemath Bennington until brch 11, 1961, shortly before the

station was abandoned.

BTHODS O FMUW SAieUN

A special plywood work hut was constructed over a four-foot

squa hole through the ice, the use of which was shared by the oceano-

grapher and the marine biologist. The hut contained a large and a

mall winch, tripod, stove, Nansen bottle rack, and a drying area for

plankton nets.

The large winch became inoperative at a very early date and

could not be used for the remainder of the occupation of the ice

station. A small electro, -hydraulic winch with 1200 meters of wire

which had been taken along in reserve proved adequate for all ooeano-

graphic and biological samling to that depth.
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It was believed that a warm layer of water of possible

Bering Sea origin might be pre lent in the Bemfort Sea between 40

and 150 meters depth, and detaileda e1ling throughout this* layer was

desirable. The warm layer was located by bathythermogrph, and the

following sampling procedure was adopted and followed vhenever possible.

A bathythermograph cast was made to a depth of 900 feet. The resulting

slide was inspected visually to ascertain the depth of significant

temperature fluctuations to determine whether the standard intervals

of the Nansen Bottles should be altered to adequately cover any changes

in the profile. Next, an oceanographic station would be made with the

bottles placed to cover temperature fluctuations (in most cases, standard

depths were adequate) from Just below the ice at four meters to a depth

of 1200 meters. Two casts were made, one from four to two hundred meters

and the other from two hundred fifty to twelve hundred mters. The

deeper cast was usually made first as storms occasionally arose

suddenly, moking a deep cast very difficult.

Unprotected thermometers were placed at the 100, 200, 300, 500,

800, and 1200 meter levels. Later, as a further check of depth calcu-

lations, two unprotected reversing thermometers were used at some of

these levels.

A shallow, more detailed station which sampled the wam water

layer at five meter intervals followed each deep station exoept in a

few instances in early October, 1960. The shallow (5 meter interval)

stations at first covered depths between 40 and 95 meters until station

28 on October 26, 1960, when the depth range of sampling was increased
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to 40-135 meters. When a shallow station vas made after a dee

station, the data from the tw stations was combined in one

diagam; therefore, depths such as 50, 75, and 100 meters were not

repeated on the shallow station. Often one depth, such as forty

meters, was sampled on both stations to help in comparing the data

later.

Each pair of deep and shallow stations was always concluded

with a bathythermograph cast.

Salinity

Salinity samples vere bottled and labelled and stored in

a warm place awaiting shipment to Point Barrow for titration.

Resupply aircraft from Point Barrow were expected to arrive

at ARLIS I by early November., but because of bad flying conditions

were not able to make the trip until November 23, 1960. The

supply of chlorinity bottles was exhausted on station 40,

November 7, 1960. It was decided to continue measuring temper-

atures, however, as all types of winter data in this part of the

Arctic Ocean are badly needed. Therefore, no chlorinity samples

were collected for stations 41-50, for a period of almost two waks.

During the transport of chlorinity samples to the Arctic

Research Laboratory by light plane, some bottles were broken due

to freezing, but in spite of the extremely cold weather encountered,

loss by freezing was small.

Temperature

Temperatures were recorded and corrected as they were

8.



obtained. At frequent intervals they were compared with the BT

trace to spot any erratic behavior in the performance of the

reversing thermmeters.

Oriinr.lly It had been plauned to titrate oxygen samples

on ARLIS I, 'out tie necessary lassware was misplaced durin; the

loading or unloading of the Burton Island and never arrived on

the ice station.

Depth Sounding and Bottom Samples

Depth measurements were impossible throughout most of the

life of the station because there was no workable echosounder on

the ice station and the oceanographic winch carried only 1200

meters of wire, whereas the depth of water throughout most of the

trip is believed to have been about 3500 meters. For this reason

no bottom sampling was possible.

Towards the middle of January, 1961, ARLIS I drifted into

shallower water and it was possible to make some depth measure-

ments with the 1200 meter winch. Depths in this area varied from

747 meters at station 81 to between t4W and 450 meters from station

85 to 118.

Current Measurements

Current measurements were attempted several times, but

without much success. A Japanese made Ekman-Marz current meter was

used; some of the drawbacks of using this type of instrument under

Arctic conditions became immediately apparent. Current directions

are determined with the Ekman-Merz current meter by a magnetic
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compass. Most of the area traversed by ARLIB I is extremely

unreliable magnetically, as far as horizontal directions are con-

cerned, smd the directional information obtained is of questionable

value.

Because the oceanographic hut could not be heated adequately,

the current meter clocking mechanism, shot chambers, etc., would

freeze solidly every time the instrument was taken out of the water

for a reading. It vould then have to be thawed out over the stove,

which was very time consuming and could very easily damee the

instrument. The Ekman-Iorz current meter was used only on the

warmest days, which were very few, and the results obtained were

not considered very reliable. The results of current observations

are presented in Table 5.

An attempt is being made to interpret the results of the

current observations, and they may be published at a later date.

MMODS O' DATA ANALYSIS

No analysis was attempted on the ice station except for an

occasional check of the temperature measured by the reversing thermo.

meters against those from the bathythermograph slides. All field log

sheets and chlorinity samples were shipped by air to the oceanographic

laboratory which had previously been set up at the Arctic Research

Laboratory at Point Barrow.
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At the laboratory, all protected and unprotected reversing

thermometer readings were corrected, and the salinities were titrated.

Dynamic depths were computed and sigma-t values were determined as

rapidly as the salinity data became available. The anomalies of

specific volume and the geopotential anomalies in dynamic meters

were computed and all of the diagrams were constructed at the Depart-

ment of Oceanography of the University of Washington. In most cases,

a deep station (4 - 1200 meters) using standard depths was followed

immediately by a detailed station sampling the layer between 40 and

150 meters at 5 meter intervals. Vertical distribution curves of

temperature and salinity were constructed for each station and are

included in this report. When a standard deep station and a detailed

station were associated with each other, the data was combined on

the curves and both station numbers appear on the drawing. The data

from the combined stations has been plotted on temperature-salinity

diagrams also.

DESCRIPTION O' PHYSICAL PROPERTIES

Distribution of Temperature

The vertical temperature profile from 4 to 1200 meters along

the track of ARLIS I is given in Figure 3. (Location of profile is

shown on Figure 2.) The profile lies between 740 N - 79° N and 1400 W -

1700 W. The water just below the four meter thick ice was considered

the surface layer. Surface temperatures were at all places only slightly

above the freezing point of sea water. Along the eastern part of the

track, and earlier in the season, surface temperatures were between

-1.560 C and -1.600 C. As the season progressed and ARLIS I drifted
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further vest, surface temperatures decreased slightly to a low of

.l.65P C between stations 33 and 56 (during the month of November).

From this point west to station 67 (26 December 1960), the surface

temperatures increased to a high of -1.430 C at station 67. Between

stations 67 and 105 (21 February 1961), surface temperatures were

between -1.500 C and .1.560 C decreasing towards the est. From

21 February 1961 (station 105) to the and of the track on 11 karch

1961 (station 117), surface temperatures further lowered to between

.a.610 c and -1.720 c.

The temperature of the water at 50 meters depth decreased

more rapidly than that of the surface layer from the middle of

January to the middle of March (stations 81 to 117), being every-

where measured less than -1.610 C and reaching a low of -1.79 C on

2 March 1961 at station 111.

The upper 150 meters of water exhibited the same general

temperature characteristics along the entire ARLIS I profile. (See

vertical temperature distribution curves.) The very surface layer

was slightly above the freezing point for its salinity, below this

there was slight cooling which was especially pronounced in the

western end of the profile. Below about 40-50 meters depth, the

water increased in temperature, reaching a maximum of -1.00 C in the

east and -1.50 C in the vest at 75 to 80 meters depth. Below 80 meters

the water cooled to minimum temperatures of from greater than -1.40 C

in the east to less than -1.60 C in the west at about 15=0 meters depth.

As stated above, this general structure was maintained along the whole

profile from east to west while the entire system cooled somewhat
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(exoept for the m-fe laver) as winter progressed. fte ooling

of te layer at O . 90 mters depth beam more pronounoed than the

cooling of the wter above a below. (S.. Pigure 4 tor detail of

Iqrsature btwen h.0 ad 110 metrs depth. )

h wter below 1W mters ept gradually warmed to a milin

of from .0. MP C to 40. 0° C at a ept of about 500 mtors- Belo

500 mters, the temerature decreased until values of -0.19P C or

.0.200 C war* reached at a depth of 1200 mters. O temerature

profile betwen 150 meaten and the depest layer saled at 1200

me ers varied to such a minor degree that It may be essentially

considered oonstant along the entire ATLI I track.

An eulaWment of the temperature distribution between 0 aM

150 mte depth is ehovn on Figure 4 (which was drawn along the same

profile as Figure 3) and on the vertical temperatue distribution

curves of the detailed stations. his lopr was saled at five

mter intervals and enlaried in order to give greater detail of the

very interesting toerature structure observed there. fte loothervm

presented in Figure 1w m r than .. 1o C have arbitrarily been

drawn heavier than those colder than -1.140 C to better illustrate the

gradual cooling of the entire layer and the "tongue-like" oonfigua.

tion of the wam layer which developed betwen September and March as

ARLIS I traveled from 1.00 West to 1700 West longitude.
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DistributIon of Sa.liity

The distribution of salinity vith depth (4 - 1200 motors)

along the sam line used in constructing the temrature profiles

is shown in Figure 5.

The surfaoe salinity had a maximum variation of about 2.50

O/oo. The highest salinity values occured in November in the region

of station 51 and the lowest in January near station 75. Proceeding

along the ARLIS I salinity profile from east to west, we found that

surface salinities of sligbtly less than 29.0 0 /oo on the eastern

end of the profile gradually increased to a maximum of 30.1 °/oo at

station 51 (74003.31N, l2lO.0'w), and then gradually decreased to

a minimum of 27.6 °/oo at station 75 (74035.3'N, 162042.5'w).

Continuing on westward from the area of the minimum surface salinities.,

values gradually increased again until a salinity of 29.7 °/oo was

observed at station 117 (74050.51N, 167°07.0'W) in the middle of

march, 1961.

Vertical salinity distribution was very constant throughout

the track of ARLIS I during the winter season 1960-61. The greatest

variations observed were those of the surface layers noted above.

A surface layer of isohaline or nearly isohaline water was

present at most stations which varied from about 30 meters thick at

the eastern end of the track to about 10 meters thick near the western

end of the track. Below the isohaline layer, a strong halocline was

present at all stations. Salinities increased sharply from 28.0 °/oo



or 30.-0 o/oo to 34.-0 O/oo or 3., 5 0 oo betwen the surface layer wan

250 moters depth. From 250 raters to 1.00 or 500 meters the salinity

Increase was slight, usually increasing from 314. 5 0/00 to a mazilma

of about 314.9 0/oo. From ).00 or 500 meters to 1200 meters depth the

salinity values remained very constant at 34.88 0/oo or 314.90 0/00.

Salinities were obtained and plotted at five neter intervals from

a depth of 140 maters dowa to 150 meters . The vertical salinity

distribution within this layer has been enlarged for greater detail

and plotted along the same profile as Figures 3, 14 and 5. This

enlarged salinity profile is showa in Figure 6.

A PE3LIMMMAY DISCUSSION CF THE OCZANOMIAPHY

The Navy Hydrographic Office (1958) compiled a chart illustrating

all of the known drift patterns of the various ships and ice stations

in the Arctic Ocean. From a study of this chart it is believed that

the drift of these ships and ice stations conforms to the direction of

surface current flow. The drift patterns within the Beaufort Sea,

between Alaska-Canada mad the North Pole, indicate the presence of a

large anticyclonic gyral. Coachman and Barncs (1961) studied the

Beaufort Sea circulation in more detail and they pointed out, on page

151, that the dynamic topography of the Beaufort Sea "is in excellent

agreement with the observed drift of ice, both as to direction and

velocity."

The drift track of ARLIS-I crossed the southernmost portion (the

east to west current movement)%)f the anticyclonic Beaufort Bea, gyral.

The characteristics of the overall drift pattern of ARLIS I and the

water coluimn studied as the area wan traversed are consistent with

conditions reported previously by other investigators in the area.
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Based on the drift of ice stations T-3, Alpha and Charlie

to which the drift of ARLIS I has been added, Figure 1 illustrates

the location of the Beaufort Sea gral and shows the relative area

of investigation wich each floating ice station has covered.

ABLIB I drfited a total of about 920 miles in 17 days; this

was an average velocity of 12. ec/sec. Sore of this movemnt was

undoubtedly due to the effect of local winds which at time wre very

strong, but the dominant westerly drift of the ice floe is believed

to be related to the currents of this section of the Beaufort Sea

gyral. The total wsterly couponent of moveunt was about 5W miles

in 174 days. This ws an average westerly velocity of 6.6 am/sec

from start to finish. The masured averqg velocity of 6.6 on/see

asgeed perfectly with the velocities derived from the dynamic top-

ography of Coachman and Barnes (1961, p. 152).

From an examination of teqieratures, salinity and sipa-t

diagram in this report, a number of structural features ae apparent.

There appear to be three distinct types of water readily distinguish-

able from the diagrams which are described below in some detail.

A surface layer of Arctic water extends down to about 40

meters. Teqieratures in this layer are just above freezing and

salinity values are relatively low (27.6 - 30.1 o/oo);. Ona

would expect teoperatures to decrease and the low surface salinities

of early fall resulting from dilution by sumer malt water, to

increase as the winter season progressed. This appears to be the

case for the period from September through November because surface
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salinitis increased from 29.0 to 30.1 oba, and teperstm2ee

decreased from -1.560 C to -1.6:P C by the end or November. During

the mouth of December, ho ever, when freezing was very active, sur-

face salinities decreased to a low of 27.6 P/oo * and teoerstmve

increased to a high of - 1 .4&3P C. Later, in January, salinities

beg=n to increase and temperatures to decreae once more and con-

tinued until salinities reached a value of about 29.7 0 /co , and

temperatures were lowered to -1.720 C by the middle of March.

GUst (1959) also noticed this reversal in the expected sur-

face temperature - salinity trend ou Station Charlie. He postulated

that advection of dilute surface waters into this area may be reater

than the rate of freezing.

In the layer from 200 or 250 mters to 1200 moters depth the

water colum was very similar at all stations occupied. Salinities

gradually increased to about 34.. Ooo and the tempersture of the

water warmed to a maximum of 0.5P C at 500 voters. Below the depth

of 500 moters, salinity vas very stable, remaining at about 34.9

°/oo all the way to 1200 moters, and the temperature decreased

slowly reaching 00 C at 1000 vters and a minimum of about -0.2 0 C

at a depth of 1200 moters. The conoensus of opinion (e.g. Kansen,

1902; Timofeyev, 1957, 1958; Coachman and Barnes, 1961) is that this

layer of water is definitely of Atlantic origin. The deepest water,

with temperatures less than 00 C, is also of Atlantic origin and

believed to be "formed only during winter and only in limited po-

graphic areas in the Norwegian Sea" (Coachman and Barnes, 1961, p.15O).
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Separating the surface and Atlantic layers described above

was a third layer of water. It Is hereafter refwrred to as the

interoadiate layer. The intermdiate layer was characterised

by a tesperture axuio and minima and a very strong hulocline

sa p noline. The wster ooluo between 40 and 110 meters depth

w sapled at 5 eater intervals whenever possible and enlarged

erass-eotions of temperature and salinity are included in this report

(Figures k and 6). Prom about 30 or 40 maters depth, the teaperature

increased rapidlyp reaching a mzlima of -1.00C in the east and

-1.!C in the vst at 75 or 80 mters. The teaerature then decreased

sharply to a minim of slightly warmr than -L.AOC In the east and

less than -1.60C in the wst at about 150 or 200 meters.

The taqpezature differences within this intermediate layer were

not great (less than 0.5C), but they persist throughout the entire

track of ARI.IS I. There was a very strong halocline in the inter-

mdi layer wher salinities increased from 28 or 29 e/oo to

3i4 or 34o5 o/o, In this area, salinity controlled the distribution

of density thus the strong halooline gave rise to a very strong

pyanocline.

81pa-t valuss in the intermediate layer fell between 25(. and

27.0. (See T-8 diagras in AVpendix of this report)

Coacbmn an Banes (1961) have noted this layer previously

and discussed it at length in their paper. After a thorough study

of the characteristics peculiar to the intermediate layer, they have

cowe to the conclusion that it Is formed by advection ef water from

the Bering Sea through the Chukohi Seas, mixing with the Siberian

shelf vaters as it traveled north and eventually joined the Beaufort

Ses gyral northwest of Point Barrow.

-18.



Coachm and Dame (1961, p. 158) believe the entire

1"~r of intermediate water had a similar geopaphic, but a

different seasonal origin; that isp the water of the shallow

tenerature muximm at 75 to 80 umeters "originates "s smoinr

Bering Sea water, and the water of the teqierature miniunm at

150 mters may, in part, originate and be maintained by mixing

apropriate amounts of Bering Sea. water with shelf water.- In this

case,. bottom shelf water vould mix with winter Bering Sea water,

and the resulting mixture vould be denser and lie below the water

of the shallow tU~erature maxim=n in the Beaufort Sea vral."
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